In this study, the exhaust characteristics of the diesel engine for the change of the mixing ratio of biodiesel fuel were quantitatively analyzed by using the numerical analysis method. As the fuel used in the experiment, the diesel and biodiesel(waste oil, soybean oil), the mixed fuel BD2(Diesel only), BD3, BD5, BD20, BD50 and BD100 were used. The injection pressure(p inj ) was set to 400bar, 600bar, 800bar, 1000bar and 1200bar as the experimental variable. Also the concept of the standard deviation, Pearson's correlation coefficient and Spearman rank-order correlation coefficient based on the statistics was introduced in order to analyze the exhaust characteristics of the quantitative NOx and Soot according to the injection pressure and the mixing ratio variation of biodiesel blending fuel. It is considered that as a result of studies, for the waste oil, NOx and Soot can be simultaneously reduced through control of the mixing ratio at the regions of p inj =400bar and p inj =600bar, and the Soot can be reduced without affecting on the emission of NOx at more than p inj =800bar. For the soybean oil, NOx and Soot can be simultaneously reduced at p inj =400bar and the Soot can be reduced without affecting on the emission of NOx at p inj =600bar.
Introduction
In order to respond to current stricter emission regulation, the studies on reducing of the nitrogen oxide(NOx) and particulate matter(PM) have progressed. The biodiesel when with the diesel fuel comparing, a similar physical chemical quality is having and the research is advanced 1~2) . The biodiesel fuel applicable to the diesel engine is the fatty acid methyl esters passing through the transesterification process using the vegetable oil such as soybean oil and rape seed oil, or animal fats and waste oil as the catalysts. In order to be suitable the high viscosity of the triglycerides which is the main component of fats to the diesel engine, the substance abstracting by separating from water, impurities and glycerol is the biodiesel fuel. The biodiesel fuel has not a sulfur component and an aromatic polymer 3) , and because at the time of combustion, the oxygen components of 11%~15% within fuel promote the combustion reaction, there are excellent effects on the reduction of soot. The studies on the biodiesel have actively progressed due to these advantage, and Seo, et al 4) were compared the atomization characteristics of the biodiesel fuel to diesel fuel by experimentally Jeong-Kuk Yeom 한국동력기계공학회지 제19권 제1호, 2015년 2월 57 studying the spray behavior and the atomization characteristics according to the injection pressure, ambient pressure and mixing ratio in targeting the diesel fuel and biodiesel fuel. Also, Yoon et al 5) reported that CO and Soot was greatly decrease according to increasing mixing ratio of biodiesel.
Therefore, in this study, the biodiesel fuel(waste oil, soybean oil) was used using the common rail system diesel engine, and the engine's exhaust . Thus, the purpose of this study is that suggests the optimal fuel injection pressure for an engine and the control of the mixing ratio of biodiesel fuel for the reduction of NOx and Soot by introducing statistics-based quantitative analysis method. conditions of the engine experiments using biodiesel fuel are listed in Table 1 . The fuel which blends diesel and biodiesel fuel (waste oil, soybean oil)
Experimental and numerical
were used, and BD3 in the body of this paper means that the biodiesel fuel of 3%(Volume) is blended into diesel, and in this study, the mixing ratio of biodiesel fuel for diesel fuel were experimented by producing as BD2(Diesel only), BD3, BD5, BD20, BD50 and BD100(Biodiesel only). For the measurement of the exhaust gas, NOx and Soot were measured collecting the exhaust gas from the step before going through a catalytic converter under each experimental condition. 
Where,   ,   are data observed, respectively, and n is the number of data.,   ,   are the average values of each data. In addition, the Spearman correlation coefficient is used to reduce the assumption for distribution between the groups and to reduce the possibility of error in the case judged that it is difficult to assume the specific distribution function for the groups. The Spearman correlation coefficient is defined by Eq.(2) as the method using   ,   converting to ranking according to the size of each data given as   ,   .
Where,   ,   are the values determining the ranking according to the size of the data value of Table 2 . If the standard deviation is large, it means that the data distribution of measurements is large with the average baseline as the center, and Soot are significantly changed due to the change of the mixing ratio. It can be seen that as shown in Table 3 , in particular, the waste oil that the standard deviation is large in the injection pressure of 400bar is influenced more much by the mixing ratio, and the soybean oil is influenced more much the mixing ratio in the injection pressure of 600bar, 800bar, 1000bar and 1200bar. In addition, the waste oil which the standard deviation is larger in all the pressure condition has the larger effect of the mixing ratio on the soot emission quantity between the waste oil and the soybean oil as shown in Table   3 . For the selection of fuel for efficient simultaneous reduction of the emission quantity of NOx and Soot from these results, the waste oil is better in comparison with the soybean oil in the injection pressure of 400 bar, and in other pressure of 600bar, 800bar, 1000bar and 1200bar, the soybean oil is more efficient for the reduction of NOx, and the waste oil is more efficient for the reduction of the emission quantity of Soot. As these results, the fuel used according to the using characteristics of a diesel engine can be characterized.
Correlation analysis
The correlation analysis was performed to analyze the linear intensity relationship of the emission quantity of NOx and Soot. Table 3 analyzing by using data, and the Spearman method conducting the correlation analysis by converting the information that this data has into the sequence score. Pearson's correlation coefficient was used in normality data, while Spearman correlation coefficient was used in non-normality data. In this study, data was judged as normality by conducting normality test. Therefore Pearson's correlation coefficient was used in this study and Spearman correlation coefficient was shown as example. Table   4 was P-value of waste oil and soybean oil in NOx, Soot data. If P-value of data was lager than 0.05, data was normality.
Conclusions
In this paper, the characteristics of exhaust gas of 
